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i. The BATSE/GRO Experiment

W. Paciesas continued to support BATSE in meetings and

reviews related to testing, calibration, and data analysis

software development. He is the BATSE representative on the GRO

Data Operations Group (GRODOG) and the GRO Users' Committee. The
main GRODOG effort thus far has been to produce a report

describing the present status and future plans of the GRO data

analysis effort. Having been a leader in this effort, Paciesas
provided a description of the BATSE planning for the report,

which is currently being prepared for submittal to the GRO Users'
Committee in October. Portions of this material was used as the

basis for an invited paper presented by Paciesas at the GRO

Workshop in April which was also included in the Workshop
proceedings (Paciesas et al., Appendix A).

Paciesas served as scientific liaison overseeing development

of the BATSE Spectral Analysis Software (BSAS) by GSFC. The

development effort passed a major milestone, having completed a

successful Critical Design Review on January 19-20, 1989.
Paciesas and G. Pendleton served on the review team. The scheme

for storage of detector response matrices received considerable

attention at this time.

Pendleton has led the joint UAH/MSFC effort to develop

matrices suitable for use with the BSAS spectral deconvolution

algorithms. He participated in the radiation source survey at
TRW in March which provided calibration data for comparison with

simulations. He is serving as BATSE representative on the GRO

Mass Model Committee which held its first meeting in February.
His simulation software uses the EGS electron-photon shower code

along with a custom general geometry routine. The initial

efforts to simulate calibration data have been very successful

and Pendleton presented a poster paper at the GRO Workshop in

April describing these developments (Pendleton et al., 1989,

Appendix B).

II. Balloon-Borne Observations of Supernova 1987A

Paciesas and Pendleton have both been active in the data

analysis effort for supernova balloon flights of October 1987,
April 1988, and November 1988. Paciesas performed much of the

preliminary analysis for the October 1987 and April 1988 flights

and wrote major portions of the published paper describing these

results (Fishman et al., Appendix C). He also played a major

part in field operations for the November 1988 flight, traveling

to Alice Springs, Australia, in October/November, 1988, to

support this successful flight.

Using the same software package as developed for BATSE,

Pendleton has produced detector response matrices for the balloon

flight detectors and has used these to produce deconvolved

spectra of SN 1987A for the first two balloon flights. He

presented a poster paper at the January 1989 AAS meeting in

Boston describing his use of B. Schaefer's model-independent



spectral deconvolution technique in this context. G. Fishman
presented a paper on SN 1987A at the same meeting using
Pendleton's results derived with both model-dependent and model-

independent techniques. Copies of the abstracts are included in

Appendix D.

As a check on the validity of the spectral deconvolution,

Pendleton and K. Hong produced spectra of the Crab Nebula from
the short observation of that source during the April 1988

flight. The Crab spectrum was reproduced satisfactorily, as
shown in Figure 1. This successful use of the model-independent

spectral deconvolution technique also serves as an important
validation of the BSAS algorithms.



r--

-._i

E

_=
U..

10"2

10"3

10"4

10"5

MSFC Data

{122 s Exposure_ _J=,

Crab Nebula Region

9 Apr 1988

Jung 1989

| t t ! L • i i _ t 1 t ! t _ t i

0 100 1000

Hard X-ray spectrum of the Crab Nebula obtained with a

112 s Observation on the balloon flight of April 9.1988. The data

have been deconvolved using a model-independent inversion

algo_thm. Shown for comparison is the spectrum obtained by

(1989).

Figure 1

-.._j



Appendix A

(Published in the Proceedings of the GRO Science Workshop)



The BATSE Data Analysis System and

Implementation of the Guest Investigator Program

William S. Paciesas and Geoffrey N. Pendleton

Department of Physics and

Center for Space Plasma and Aeronomic Research

University of Alabama in Huntsville, AL 35899

Gerald J. Fishman, Charles A. Meegan, Robert B. Wilson,
Martin N. Brock and F. Ellen Roberts

Space Science Laboratory

NASA/Marshall Space Flight Center, Huntsville, AL 35812

Bradley E. Schaefer

Department of Physics and Astronomy

University of Maryland, College Park, MD 20742

ABSTRACT

The Burst and Transient Source Experiment (BATSE) detects sources by looking for time
variability, either intrinsic to a source (such as 7-ray bursts or pulsars) or induced by earth
occultation. Techniques for analysis of the data are dependent on the nature of the variability;
moreover, the BATSE data are formatted differently for the different analysis techniques. Cer-

ta/nsoftwarefunctions(suchasspectraldeconvolution)areusefulforallsourcesonce thedata

have been processedsufficiently.We describehereina setof soRware packageswhich willbe
used to analyzethe BATSE data.We alsosummarizethe natureof the data baseswhich are

produced duringtheanalysisand discusstheirpotentialavailabilityforguestinvestigations.

The primaryfacilityforanalysisofBATSE data willbe locatedat NASA/Marshall Space

FlightCenter(MSFC). Additionalfacilitiesat NASA/Goddard Space FlightCenter(GSFC)

and the UniversityofCalifornia,San Diego(UCSD), willbe capableof implementinga subset

of the functionsof the primaryfacility.Guest Investigatorsupport willbe availableat the

primaryanalysisfacilityduringthe GRO mission.

1. Description of Data Analysis Flow

BATSE data istransmRted dailyfrom the PacketProcessingFacility(PACOR) at GSFC to MSFC

via the GRO Data Distributionand Command System (DDCS) in increments of one day. Figure i

illustratesthe/low ofdata afterreceiptatMSFC. Storageoftheraw data inthe BATSE data archive

isa mission operations(MOPS) function.The MOPS functionswhich relateto data analysisalso

includefirst-cutmonitoring ofdata quality,monitoringof detectorgain and resolution,calculation

of varioussecondary spacecraftparameters such as the localmagnetic field,and quick-lookscience

analysissuch as Rrst-cutburstlocation.The MOPS functionsalsoincludedistributionofa portion

of the raw data to co-investigatorsat GSFC and UCSD.
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Figure 1: BATSE Data Analysis Flow Diagram

The BATSE data archive is stored on the Marshall Archival System (MARS), an optical disk

storage system which is maintained by MSFC for archival of flight data from various experiments.

The other components of the primary data base are stored initially on magnetic disk, with archival

backups to either local optical disk or magnetic tape. Analysis using &particular technique generally

will proceed by generation of the appropriate secondary data base from the primary data base

using the raw data combined with the calibration data, quality criteria, spacecr_t parameters,

and the BATSE instrument model. (The occultation analysis is expected to be an exceptional

case, as discussed below.) Subsequent analysis results and processed data are stored in tertiary

Processed Data Bases (PDB's) which are managed using the commercially-available _GILES data

base management system.

Burst analysis is the primary BATSE science objective. The Individual Burst Data Base (IBDB)

which is produced for burst (and solar flare) analysis contains essentially the raw data dump of

the on-board burst memory together with associated ba_:kground data. Burst analysis software

performs gain correction, constructs spectra and time histories with optional rebinning and back-

ground subtraction, and stores the accumulated data in the Burst PDB. Burst _nalysis functions

include burst location, temporal analyses (Fourier power spectra, epoch folding, etc.), time-resolved

spectral deconvolution, display of temporal evolution of spectral-fit parameters, and derivation of

parameters for global studies such as log N/log 5. Intermediate and final results may be stored in



the Burst PDB. Burst and solarflarecstalogsare maintained and willbe made availableforpublic

access,

Pulsar analysisisa secondary BATSE scienceobjective.Production of the Pulsar Corrected

Data Base (PCDB) takes one of two forms depending on whether on-board foldinghas been per-

formed or not. If foldedon-board, various correctionsfor folding-periodoffset,overflowsand

unequal bin widths must be appliedin additionto the standard Doppler corrections.Ifon-ground

foldingisto be performed, the PCDB consistsmostly ofraw rates,possiblybinned in time and/or

energy, with appropriate Doppler corrections.Pulsar analysisincludesfunctionsfor lightcurve

display,lightcurve model fitting,time-resolvedspectroscopy,and displayof temporal evolutionof

fitparameters. Intermediateand finalanalysisresultsmay be storedin the Pulsar PDB. A pulsar

source catalogismaintained and willbe made availableforpublicaccess.

The Background Data Base (BDB) isintended to facilitatestudiesof background variations

which may lead to development of improved background models and/or discoveryof non-triggered

burstsor intermediate-timescaletransientevents.Softwareanalysistoolsconsistprimarilyof dis-

play programs, spectralanalysisfunctionssuch as line-fitting,and temporal search algorithms.

Intermediate and finalresultsmay be storedin the Background PBD. Applicationsoftwaremay

be developed by usersas requiredforparticularinvestigations.

The monitoring of persistentand long-term transientsourcesusing earth occultationisalsoa

secondary BATSE objective.This analysisisexpected to be particularlycomplex, requiringcare

fulscientificmonitoring.The softwareisexpected to evolveconsiderablyas the missionproceeds;

hence, data base definitionisstillin progress.Present planning indicatesthat creationof a sec-

ondary data base as in the other types of analysisisprobably not useful.The major occultation

analysissoftwarewould work directlyon the raw data,developingsourcetime historieswith modest

spectralresolutionwhich would be storedin the OccultationPDB. Spectraldeconvolutionof the

data may be performed and the resultsalsostoredinthe PDB.

A primary component of alldata analysisisspectralanalysis,includinglinesearchesand spec-

traldeconvolution. A softwarepackage, the BATSE SpectralAnalysis Software"(BSAS) isbeing

developed for thispurpose by BATSE co-investigatorsat GSFC and it willbe transported to

other BATSE team facilitiesat MSFC and UCSD. Though primarilyintended foranalysisofburst

spectra,the package willalsobe used forany spectralstudiesin the other analysismodes.

1 Instrument Analysis Center Data Bases

Three types of secondary data bases are produced for data analysis:the IndividualBurst Data

Base (IBDB), the Background Data Base (BDB), and the Pulsar Corrected Data Base (PCDB).

At MSFC, theseare createdas needed fora specificapplicationfrom the Primary Production Data

Base and generallynot archived. The IBDB and BDB formats are used to distributea subset

of the BATSE data to co-investigatorsat GSFC and UCSD, where local archivesof these data

bases are maintained. These data bases generallyconsistof essentiallyraw data which satisfies

certain qualitycriteria,together with associatedcalibrationparameters, spacecraftparameters,

and pointersto relevantinstrument model data (primarilyresponsematrices).Pulsardata undergo

some correctionsto eliminatecertaintypes of overflowconditions.The data may be summed over

selectedtime and/or energy domains. Occultationanalysisdoes not lenditselfto usefulcompression

at thislevel,and we do not anticipatecreatinga secondarydata base forthispurpose.

The terti_'yPDB's contain gain-correctedspectralfilesand time-historyfiles,togetherwith

various other filesof intermediateor finalanalysisresults.There are four PDB's: one each for

burst,background, pulsar,and occultationanalyses(solarflaresare maintained in the burst PDB).
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The spectraland time-historyfilesare typicallybinnedin the energy and/or time domains relative

to the secondary data base. Header relationsand pointerstoeach ofthesefile_are maintained and

managed with INGRES. L.NGRES alsoeffectivelymaintainsa historyof analysesperformed foreach

source.Individualuserswilltypicallyhave theirown copy ofa subsetofthe PDB whilea particular

investigationisin progress.Selectedresultsand intermediatedata filesmay then incorporatedinto

the institutionalmaster copy of a PDB at the user'soption(appropriateprivilegesare required).

Inspectionof the institutionalPDB thus enablesa quick survey of work already completed on a

particularsourceand helps to eliminateduplicationof effort.

3. Public Data Bases & Data Products

Within the GRO Guest Investigator (GI) program (Bunner 1989) a significant distinction is made

between high-level and low-level data. The high-level data products will be analyzable in a relatively

independent manner whereas use of low-level data will require close collaboration with the Principal

Investigator (PI) team, typically involving a period of residence at a PI institution.

Any data which can be stored in a BA.TSE PDB are, in principle, available as high-level data.

Standard sets of time-histories and pulse-height spectra (with associated response matrices and

calibration parameters) will be produced for each burst, solar flare, pulsar (on-board folding only),

and bright occultation source. Requests for non-standard data sets (e.g., different energy or time

binning, different burst data types, weaker occultation sources, raw data for on-ground pulsar

foldingor other temporal analysis)willbe consideredspecialprocessing,and will be honored on a

resource-limitedbasis.High-leveldata willbe availableeitherinFlexibleImage Transport System

(FITS) format or in the BATSE PDB format. The latterwillbe usefulifthe BSAS package is

transportedto a GI system.

The remaining BATSE data (secondarydata basesor,in the case of occultationanalysis,the

primary data base) are availableto GI's as low-leveldata. Typically,use of these data products

would involvespending some time at MSFC, sinceno resourceshave been allocatedforGI visitsto

GSFC or UCSD. Once the GI attainssufficientfamiliaritywith the instrument characteristicsand

:malysistechniques,arrangements to transportrelevantsoftwareand/or low-leveldata to another

institutionwillbe consideredon a case-by-casebasis.

Catalogs of BATSE observations/investigationsofbursts,solarflares,occultationsources_and

pulsarsourceswillbe generatedduring data analysis.Data analysiscatalogsof bursts,solarflares,

occultationsources,and pulsarsourceswillbe availableforpublicinspectionvia remote logon over

the Space Physics Analysis Network (SPAN). Accessvia other means isbeing considered.

The BATSE burst and solarflaretriggersignalsaresentinrealtime to the otherinstrumentson

the GR.O. As part of MOPS, BATSE willprovideadditionalinformationsuch as first-cutlocation

of burststo interestedGRO instrumentersvia the GRO DDCS. A similarservicewillbe available

via SPAN using VAX mail. Some form ofpublicaccessvia SPAN willbe available;the detailshave

not yet been defined.

4. Data Analysis Environment

The BATSE data analysisenvironment at MSFC consistsentirelyofDigitalEquipment Corporation

(DEC) VAX systems inan ethernetclusterphysicallylocatedinthe Space ScienceLaboratory (SSL;

building4481). Machines on the clusterwhich areavailableforBATSE data analysisincludea VAX

11/780 and a VAX 8250. Aproximately 600 Mbyte ofmagnetic diskstorageisavailableforexclusive

BATSE use. Hardware which isplanned for purchase in FY89 includes three VAXstation 3100's



with a totalof ,,_500megabytes ofadditionaldiskstorage.Four additionalVAXstation 3100'splus

an additional600 Mbyte disk drive for the SSL clusterare planned for purchase in FYg0. All

systems operate under VAX/VMS. Peripheralsav_lable on the clusterincludelineprinters,laser

printers,6250 bpi magnetic tape drives,pen plotters,and an opticaldisk%Vrite-0nce/Read-N[any

(WORM) drive.
The MARS isused forarchivalofthe raw BATSE data. Itisa custom-builtopticaldiskWORM

storagesystem which isshared with other MSFC projects.The system consistsof 128 disksina

jukebox arrangement. Each diskhas a capacityof ,,,10Gbyte, resultingin a totalsystem capacity

of _1 Tbyte. One year of BATSE packet data takes _1% of MARS capacity. The front-end

interfaceto MARS isa VAX system, running VAX/VMS. ORACLE isused to maintain on VAX

diska catalogof the data archive.MARS islocatedin building4487 at MSFC; accessto MARS is

via an InstitutionalArea Network.

5. Data Analysis Software

We have somewhat arbitrarilyspecifiedthe BATSE data analysissoftware in terms of a number

of packages. The currentdevelopment statusof the packages varies.Some are almost completely

coded, whileothersareinrequirementsspecificationorpreliminarydesign.We discusseachpackage

in the subsectionswhich follow.First,however, some generalcomments which relateto software

portabilityare warranted.

All BATSE data analysissoftwareruns under VMS. Use of VMS system-specificcallshas

been minimized but not prohibitedinsoftwaredevelopment. For softwarenot yet developed,

we are consideringeliminatingsuch usage. Severalpackages use proprietarycommercial or

public domain products which are availablein versionswhich run under other operating

systems. We have no plans to perform any testswhich would assurethat any ofour packages

which use such softwarewillin factrun under another operatingsystem.

• Most of the software is writtenin FORTRAN. VAX FORTRAN is a superset of ANSI

FORTRAN-77. Although allpackages are compiled under VAX FORTRAN, some develop-

ment restrictionsexistwith regardto use ofnon-ANSI constructs.Additionalrestrictionsare

being consideredwhich may be applicabletofuturesoftwaredevelopment.

For many packages the user shellisa package calledTransportable ApplicationsExecutive

(TAE) which isavailablefrom COSMIC (NASA's Computer Software Management and In-

formation Center). Versions of TAE are av_lable for severaldifferentoperating systems

(includingUNIX). The PDB's are managed using INGRES, a commercial product which is

also availablein versionsfor other operatingsystems. At leasttwo graphics packages are

used: GKS-compatible NCAR Graphics and MONGO.

The commercial package IDL (or itsmore recent successorPV_WAVE) may be used in

implementing some functionsin packages which have not yet entered the coding phase.

5.1. BATSE Spectral Analysis Software (BSAS)

This package isused inalldata analysisfunctionsforspectraldeconvolutionand model-fitting.Rou-

tinesare availableforaccumulation and rebinningofspectrafrom the secondary data bases,back-

ground subtractionusingseveraldifferentalgorithms,traditionalmodel-dependent least-squares



spectraldeconvolution,spectrallinesearchesand fitting,model-independent deconvolutionus-

ing directmatrix inversion,model-fittingto model-independent photon spectraldata,displayof

pulse-heightor photon data and model fits,and determinationof burst-specificparameters such as

fluence.Analysis resultsaxe storedautomatica£1yin a userversionofthe PDB and may be stored

at the user'soption in the appropriateinstitutionalmaster PDB. The spectraldeconvolutionisa

fairlycomplex task;however, many astronomers,particularlythose with high-energyexperience,

are familiar with the problems involved.

The package uses TAE, INGRES, and MONGO. In particular, it makes extensive use of INGRES

forms for input menus. Graphics hardware which supports Tektronics 4010/4014 standard is re-

quired for displays. A certain degree of portability exists because the package is written to be

used at three different BATSE institutions: MSFC, GSFC, and UCSD. However, all three have

VAX systems running under VMS, and all will have the necessary assodated software and graphics

hardware.

5.2. Mission Operations

This package is used in performing the daily tasks involved in Mission Operations (MOPS). It

includes various routines for communication with the GRO DDCS, monitoring of instrument con-

figuration and performance, mission planning and command generation, instrument model data

base management, data arch/val, and quick-look science. It is also used to distribute data to

BATSE co-investigators and GSFC and UCSD via SPAN. It generally operates only on the raw

data set from the most recent day. However, files of recent history of selected parameters are

maintained; the latter axe used as input to certain data analysis functions which maintain a local

(non-MARS) archive of certain parameters. Other MOPS functions which relate directly to data

analysis include reformatting of data for MARS archival, first-cut data quality monitoring, first-cut

burst location, burst time-history display, bright-source occultation monitoring, calculation of sec-

ondary spacecraft parameters such as Mcl'lwain (L, B) coordinates, and monitoring of detector gain

and resolution. Complexity is moderate in most cases, except for burst location and occultation

monitoring, which involve considerable algorithmic subtleties.

The MOPS package uses TAE sad GKS-compatible NCAR Graphics. Graphics hardware com-

patible with 4010/4014 is required for displays. Non-ANSI features of VAX FORTRAN are used

extensively. Specific hardware interfaces are required for communication with the GRO DDCS.

Although the package was not intended to be used outside MSFC, portions will be adapted for use

in data analysis, at which time portability-related improvements may be considered.

5.3. Burst Data Analysis

Some burst data analysiswillbe accomplished usingMOPS software(with minor modifications).

BSAS willbe used for burst spectralanalysis.Additional burst analysissoftwareisrequiredto

implement otherfunctions:IBDB generation,optimizedburst location,displayofsky distributions,

sky exposure map computations, isotropyanalysis,improved time-historydisplayutilities,burst

periodicitystudiesusing epoch-foldingor Fourierpower spectra,instantaneous burst detection

efficiency,etc. This software is stillin early development, so portabilityconstraintscould be

applied ifdeemed appropriate. Many functionswillbe implemented using IDL. Some functions

are relatively straightforward. Others such as sky exposure map computations are not trivial and

require some considerable scientific oversight. Some functions will be require access to the burst
PDB and therefore will have an INGRES interface.



5.4. Pulsar analysts

Pulsar analysis software is required to implement various functions: PCDB generation, epoch-

folding, Fourier power spectra] analysis, lightcurve display utilities, light-curve fitting, pulsar pa-

rsmeter time-hlstory display, etc. This software is in early development, so that portability con-

straints could be applied where deemed appropriate. Algorithms for these functions axe relatively

standard. Many functions will be implementedusing IDL. _fost functions will require access to the

pulsar PDB and therefore will have an INGRES interface. BSAS wiU be used for spectral analysis.

5.5. Occultation analysis

MOPS software willbe adapted to use in data analysisforbright-sourceoccultationstudiesnot

already performed in MOPS. BSAS willbe used forspectralanalysis.Some utiltiiesare required:

sky distributions,sourcetime-historydisplay,etc.Softwareforthispurpose isinearlydevelopment,

so that portabilityconstraintscould be appliedas appropriate.Complexity isminimal. Additional

softwareisrequiredinorder to implement an optimizedsourcesearchstrategy.The algorithmswill

requireconsiderablerefinementinorder to reducesystematicerrors.IDL willbe used extensively

in analysesof the systematics.Portabilityisnot expected to be a consideration,sinceindependent

analysisof these data isnot likely.Some functionswillrequireaccessto the occultationPDB and

thereforewillhave an INGRES interface.

5.6. Background analysis

Background analysissoftwareisrequiredto generatethe BDB and to implement the non-triggered

burst search and line-tr_sientsearch.BSAS willbe used forbackground spectralanalysis.Addi-

tion_ softwareisinearlydevelopment. Access tothe background PDB and burst PDB viarNGRES

willbe required.Systematic subtletiesmake the background analysisa complex taskwhich isnot

expected to be performed independently by GI's.

5.7. High-level data base generation

This is a straightforward set of utilities for generation of high-level data for distribution to GI's.

The software will extract the necessary data from the appropriate PDB and convert it to FITS

format. The package will be developed during the first year of GRO operation.

5.8. Response matrix generation

Sensitivity attainable with both low-level and high-level data products will improve significantly

as the instrument model (detector response matrices and atmospheric and spacecraft scattering

corrections) becomes more sophisticated. The improvements will result from better Monte Carlo

simulations as well as empirical adjustment using data from sources with known locations and/or

spectra (e.g., Crab Nebula, solar flares, orbiting nuclear reactors). Software for Monte Carlo

modeling exists at MSFC but neither portabUity nor user-friendliness were seriously considered

during development. By nature, the Monte Carlo studies require intensive scientific involvement.

Empirical adjustment studies will be performed using the existing analysis routines, with possible

use of IDL. Refinement of the response matrices is a major function of the PI team. Our approach

to response matrix generation is described by Pendleton et al. (1989).
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6. Support for Guest Investigators

The GRO scienceofficeisexpected to provide one scientistto act as GI liaisonon a hail-time

basis.The BATSE team plans to designateone scientist(half-time),one programmer (full-time)

and one data technician(half-time)to provide a_IditionMGI support. At leastone VAXstation

3100 willbe availableto GI'son a prioritybasis.The linkto SPAN willenable remote logon and

accessto catalogs,data bases,and software(with appropriaterestrictions).Although portionsof

the BATSE data and software axe availableat GSFC and UCSD, there axe no plans to provide

additionalresourcesat eitherofthese sitesto support GI's.

7. Data Access Schedule and Mechanisms

Access to low-leveldata willbe availableat MSFC beginning in the firstyear. We anticipate

supporting ,_2-4 GI's during the firstyear. Standard high-leveldata products willbe available

from MSFC in a Rev. 0 releaseduring the second year. We anticipateseveralrevisedreleasesof

standard high-leveldata at intervalsof about a year. The standard high-leveldata products will

also be incorporated into NASA's AstrophysicsData System (ADS). We plan to deliverdata in

FITS format to the appropriateADS node withinone year afterreceiptof data in usableform.

The BATSE burst catalog,solarflarecatalog,occultationsource catalog,and pulsarsource

catalog willbe availablefor publicaccessthrough MSFC during the second year. It isexpected

that BATSE catalogswilleventuallybe incorporatedintothe ADS AstrophysicsMaster Directory;

the schedule forthishas not been defined.
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Abstract

The detector response matrices for the BA.TSE large area detectors and spectroscopy detec-
tors are being generated using EG$ Monte Carlo simulations that are verified by comparison
with experimental data. The format of this procedure is discussed. Data exhibiting the angular
response of the detectors are presented. The format in which the detector response matrices are

to be stored for general access is described. Future work for refining the matrices is outlined.

1 Introduction

The detector response matrices for the BATSE detectorsare necessaryfor any spectralanalysis

and for burst location.These matrices charactrizethe detectoroutput for a given energy input.

The spectral response functionsfor the BATSE detectors,particularlythe largearea detectors,

exhibitsignificantCompton tailsat higherphoton energies.Therefore precisecharacterizationof

the detector response matricesisrequiredforany type of photon spectrum reconstruction.Also a

thorough understanding of the angular responseof the largearea detectorsisnecessaryfortellable

burst location. Scatteringof photon fluxoffthe atmosphere is addressed elsewhere and isnot

discussed in this paper.

2 ExPerimental Verification of Monte Carlo Simulations

A comprehensive set of BATSE detector tests have been performed. Those tests focusing on

detector spectra response functionsare the Angular Response testsand the Absolute Efficiency

tests.In these teststhe detectorswere exposed to monoenergetic nuclearq,-raysourcesand spectra

were collected.Although & varietyofsourceswere employed, the detectorresponsefunctionswere

me_ured only at the energiesof the "f-raysthat the nuclearsourcesproduced.

In order to extend the detectorresponse functionsbetween the energiesmeasured in the tests

Monte Carlo simulationsare employed. The accuracy of the simulation resultsisconfirmed by

comparison with the experimental testresults.Als0, detailedanalysisof the simulationresults

yieldsan improved understanding of systematic characteristicsof the detectorsand of the test

environment. The simulationscan be used to extend the detector response matricesto energies

above 3 MeV where measurements have not been performed.

In order to accuratelyreproduce the experimental measurements with Monte Carlo calcula-

tions the detector geometry and testenvironment geometry must be simulated in detail.These

simulationsare performed with the EG$ electron-photonshower code (Ford et aL) and a genera

geometry routine writtenby the principalauthor. Figure1 shows an outlineof the geometry used



for the large area detector simulation. The figure is a nearly edge on view of the detector geometry

surrounded by objects present in the test environment. Shown are the anticoincidence assembly,

the detector crystal assembly, the light collection cone, and a compressed volume for the detector

base°

In figure 2 the detector is shown in the angular response test geometry. Here the detector

rests on a raised stand and is exposed to a collimated monoenergetic photon beam. The sources

used in the angular response tests were placed in a lead collimator with an opening angle of 11.5 °.
In these tests the detector module was rotated about a vertical axis to positions spanning 360 °.

Each position corresponded to a specific angle between the detector normal and the incident photon

beam. The detector response for both the large area detectors (LAD's) and the spectroscopy (SD's)

detectors was measured at each position. The data obtained ch_acterize the an6mlar response of

both the LAD's and SD's.

Figure 3 shows the spectra obtained at various angles for the LAD's and SD's from exposure

to a Cs 137 source (a 662 keV ?-ray source) during the angular response tests. The numbers on

the graphs themselves (0 degs, etc.) identify the response functions at specific angles between the

detector normal and incident photon beam direction. The angular response of the LAD's is quite

strong, as intended, where as the angular response of the spec detectors is not as pronounced.

Figure 4 shows spectra generated using the Monte Carlo simulation for an LAD exposed to a

Cs 13:' source at 0° and at 90 °. The spectra were obtained by taidng the energy deposition spectrum

in the LAD crystal and subjecting it to two procedures. First the radial response of the crystal

was taken into account; the luminosity response measured by the LAD phototubes to an energy

deposition at the edge of the LAD crystal is about 85% of the response measured due to an energy

deposition at the center of the crystal. This behavior has been measured experimentally and can

be characterized by a radial response function. In order to incorporate this feature of the detector

response into the Monte Carlo spectra, each energy deposition was adjusted by the radial response

function before being added to the energy deposition spectrum. Secondly a statistical broadening

function dependent on energy was applied to the data to produce the spectra shown in figure 4.

These procedures will be described in much greater detail in a series of forthcom/ng papers.

3 Detector Response Matrix Storage Format

The actual detector response matrices will be generated in a comprehensive set of Monte Carlo.

production runs this summer and fall. The detector response matrix data will be stored in rows

where each row corresponds to the detector response at a specific input energy. An example of the

shape of such a row is the Cs xs7 spectrum which shows the detector response to 662 keV _,-rays.

Each of these rows will consist of a 60 point piecewise linear fit that will extend from the detector

threshold to 150% of the photopeak energy. What this means is that the spacing between points

in a row will be E_,_ • 1.5/59. (E_,_ being the input energy). This format results in a compressed

matrix for storage.

This storage format has a number of advantages. Most features of the detector response matrix,

are linearly dependent on input energy. Therefore if it is necessary to determine the detector

response at an input energy between two of the rows of the response matrLx it will be more accurate

to extrapolate between two rows in the compressed matrix space. For example in the compressed

matrix space the photopeaks of different input energies line up and the extrapolation between the

peaks is more accurate. This is the e_rapolation technique employed in the creation of rebinned

detector response matrices when calculating the values at bin edges between matrix rows. The

matrL_ can then be recast in conventional energy space for use in analysis. The restoration of the



matrix to conventional uncompressed form will be an automatic feature of the spectral analysis

software (Schaefer et a/.,1989).The user willselectthe binning and energy range desiredand

the software willproduce the appropriatematrix in standard uncompressed form. Therefore the

compressed matrix storageformat willnot inconveniencethe user.

Another advantage ofthe compressed formatisthatitoptimizesthe ratioofinformationcontent

to storagespace forthe matrices.This istruefortwo reasons.First,the uncompressed matrix has

a large number of zeroelements at output energiesabove the input energy. These are not present:

in the compressed format. Second, sincethe detailnecessaryatlower energiesisnot necessaryat

higher energies,no informationisgained by storingthe matrix in uncompressed form.

In the compressed format any number of rows can be stored (i.e.the format is not limited

by the constraintsof a square matrix). This means that we can store the SD response matrices

over the energy range from 15 keV to 100 or more MeV. Storingsuch a matrix in conventional

form with a 2 keV accuracy (necessaryat around 15 keV) would requiresomething likea 50,000 ×

50,000 element array which isway too big.The compressed matrix format allowsus to storethe

same data in a 60 × 100 or 200 element arraywhose sizewe can adjustdepending on the accuracy

desired.

Finallythe angular response must be addressed.The matrix format above appliesto a detector

response matrix calculatedforv-raysatone particularangleofincidencewith respectto thedetector

normal (one particularpolarangle).Azimuthal variationsinthe detectorresponsematricesatfluted

polar anglesare not consideredin the firstgenerationofdetectorresponse matrices.However the

detectorresponse matricesmust span polarincidenceanglesfrom 0° to 90° or more. To storethese

matrices effcientlyeach element of the compressed matrix isparameterized in 8, the polar angle

ofincidence.At presenta 4 coeffcientparameterizationof each matrix element iscalculated.The

matrix elements at incidenceangle 0 are calculatedfrom

.x"= A • F (o) + B • F (O)+ c • F3(o)+ z) • F,,(O)

This parameterization technique was adopted because of the complexity of the angular response

of the LAD's. Here each element of the array can vary with 8 independently. Therefore it can handle

virtually any 8 dependent variations in the response matrices. At this time the four functions Fx(8)

through F4(0) are those of a general cubic polynomial. If during the matrix data generation

phase we findanother set of four functionsthat produce a significantlymore accurate fitto the

angular dependence of the detectorresponse we win use those. The coefficientsA, B, C, and D

are the quantitiesthat willbe stored. This way the entireresponse matrix set can be stored

in four compressed matrices of coeffcients.This paramaterizationis a structureinternalto the

spectralanalysissoftware.The softwarewillautomaticallygenerate the uncompressed matrix for

the appropriate angle,of incidenceforeach detector.

As our understanding of the detectorresponse matricesincreases,azimuthal dependence and

individualdetector characteristicscan be incorporatedinto the response matrix set. This will

resultin an increasein the number of parameters per matrix element and separationof the eight

individualdetectorresponse matrix sets.The improvements in detectorresponse willbe generated

with the GRO mass model code afteritisfullytestedand compared with experimental tests.The

GRO mass model code stillunder constructionwillbe testedusing the data obtained during the

GRO source survey test. In thistestv-ray sourceswere exposed to the entirespacecraftwith

the BATSE modules attached in flightconfiguration.Data were collectedfrom the entireBATSE

system operating in thiscase as an allspacecraftmonitor. The data willbe used to determine

the contributionof spacecraftscatteringto the responsematrices.They willalsobe used to test

the accuracy of the mass model geometry code. The testsetup willbe simulatedin detailand the
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simulated spectra generated will be compared with the data collected to verify the operation of the

code. Once the simulation code is shown to be operating correctly the geometry fo_"the spacecraft in

orbit will be input. With this simulation it should be possible to incorporate azimuthal dependence

into the detector response matrices.

4 Implementation of the Matrices

The basic response matrices includingangular dependence willbe implemented in the software

beforelaunch. Matrices with azimuthaldependence willbe implemented as soon as the simulation

code can generate them. The simulationsoftwarewillbe maintained in working orderincase more

detailedknowledge of some aspectofdetectorresponseisdesired.
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Figure I. Olagram of slmulatlon geometry used for the
Large Area Detector. The detector appears 1nstde a rectangular
volume wtth the outltnes of objects In the Absolute Efficiency
test environment distributed around it.
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Figure 2. Olagram of slmulatlon geometry used In the Mgular
Response tests. The detector rests on a ratsed platfomand Is
exposed to a collimated photon beam.
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ABSTRACt'

The region of the Large _agellanlc Cloud containing SN 1987A was observed during a balloon-

flight of a hard x-ray telescope on 8-10 April |988. Significant continuum emission was

detected in the 45-400 keV range which we attribute to S_ 1987Ao Compared to an

obaeEvatlon with the same instrument in October 1987, the sourCe intensity decreased

by -50% while the spectral shape remained qualitatively the same. This may represent the

first clear indication _hat the hard x-ray emission is entering the decllninq phase

expec_Kl as the ejects become optically thin to the 56Co game-rays.

INTRODUCTION

The relative proximity of SN 1987A has enabled astronomers to advance significantly our

_darstanding of supernovae. In particular, the important role of the decay of radioactive

"Co in _wering the declining phase of a supernova Light curve £a now firmly established

and gamma-ray lines from 56Co decay have been detect_ /I ,2/.

Continuum x-ray and gamma-ray emission, presumably due to scattered 56Co gamma rays, was

detected as early as SN day 180 /3,4/, but the temporal evolution of this emission has been

inconsistent with Best early tt___orettcal expec_Itlona. _iore recent calculations that

involve substan_Lal mixing of 56Co in the expanding gas cloud /5-8/ have had some success

in explaining _ho x-ray and gamma-ray continuum emission. The predicted light curve of the

cont/nuua era/salon is sensitivo to the nature of this _ixin_ as well as the density

dist_ibutlon of other elements within the ejects. Observations of the temporal evolution

of the herd x-ray oontinuul emission can thus provide important _el constraints.

EXPERIMENT DESCRI L_'ION -.

The balloon-borne payload included two types of detectors: an actlvely-shlelded array of

_ooled germanium detectors designed to perfo_ hlgh-reaolution measurements of gamma-ray

llne e_Lsalon, and two large-area, pa_slvely-ehielded scintLlla_Lon detectors designed to

perforn sensitive observations of the heed X-ray cont/numm and to search for possible

ealseion from a x_Rnant pulsar in the supernova. The results reported herein wlre obtained

with the scintillation detectors, which are adaptations of the large-area detector designed

for the Burst and Transient Source Experiment /9,101 ca the Go,as Ray Observatory and _re

flret flown on the present gondola in 1987 October. Details of the Instruments as well as

the resul_ of that flight have been presented elsewhere /2,11/. Tam scintillation

detectors used in the 1988 April flight differ in one si_tificant respect from the

descrlptLon in /11/; the configuration Of the p4esi_e slet collimators was changed,

rasultin_ in a field of view of 21 e FWHN in the elevation d_rectio_ and 14.2 e FWHM _n the

azimuthal direction. An elevation drive _echanisn yam added in order to maintain the

ao_lroJ region within the detector field of view.

OBSERVATIONS

The payload was launched from _tllce Springs, Australia, on 8 April 1988, reaching s float

altitu'_o of --3 _b at 0100 UT on 9 April. The flight was terminated at 0800 _T on 10 April

after 31 houri at float. Observations of the region of the T..,eCcontaining SN 1987A were

perfor_e_ on 9 April during a period of -10 hours. The source was also observed during a

period of -7 hours on 10 April. The data from the latter period are of pOorer quality due

to problems with _ound system _ape re_orders, and so the results presented here are

derived entirely from the observing period o_ 9 April (411 days after the exploeion),
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Observations were conducted by alternating pointtng on-source and off-source in 15-rain

intervals. The Off-source background was obtained by offsetting the field of view by 35"

in azimuth from the source in alternating directions (consistent with r.he avoidance of

known, hard x-ray sources) in order to minimize residual systematic effects due to the

varia_ion of background vs. azimuth. This program was interrupted between 0830 and 0900 UT

In order to conduct observations of the Crab Nebula primaril F to confirm pointing

accuracy, Observations at other flees of the Sun and Venus with onboard sensors also

used, confirming pointing to better than 0.5*. The pressure altitude during this period

varied between a maximum of 3.3 mb and a minimum of 2.8 ab.

DATA ANALYSIS

The data used for the present analysis consisted of separate 128-channel spectra read out

from each detector every 5.5 s. The spectra were corrected for gain drifts by measuring

the pOsition of the 51| key at_ospharlc background llne on 300 s intervals and reblnning

the spectra into 16 energy bands, based on a saooth fit to the variation of llne centroid

with time° The gain variation during the 9 April observing perlod was 14%o

Figure I shows a representative galn-corrected rate history for the 9 April observation.

The data have been binned in energy (45-100 keV) and _Lee (-15-eln intervals corresponding

to on-source and off-source Pointing}. It is readily apparent from Figure 1 that there is

a significant excess flux during the source Intervals. We derived the source spectrum in

several steps. Firstly, the net count rate due to the source was calculated for each

energy band by dividing the off-source intervals in half and subtracting the weighted mean

of adjacent off-source rate measurements fr_ each source interval rate. The net rate for

each interval was then converted to photon flux at the top of the atmosphere using

atmospheric scattering and detector response functions which were calculated

anal¥_.Ically. This differs from the analysis used for the previous flight /II/ because

calculation of the atmospheric scattarlnq contributlon in the latter case was c_pllcatsd

by the ouch larger detector field of view. The tota_ spect.-_e was than obtained as the

w_IghtJd mean of the photon flux values for the individual intervals.
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fig. 1. Galn-corrected counting rats history in the 45-100 key energy range during

the SH 1987A _raneit on g April. TYm vartic_ extent of each data point repreeen_

i_ sla statistical error. The SN pointing proqra_ was interrupted between 0830

and 0900 in order to conduct a _r_ef o1_ervatlon of the Crab _ebulao
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The photon epectrus as lasured separately for each detector is shorn in Figure 2. A

significant excess flux 2s apparent in all energy bends up to -400 keY. Although the data

in Figure 2 extend down to 18 keV, we consider only data above 45 kay to be attributable to

SN 1987A. As discussed in our previous paper /11/, there are two reasons for this: ;) the

spectral analysis performed thus Sac does not use a full matrix deconvolution, so that the

errors in the deconvolved flux are likely to be underestimated at low energies where off-

diagonal matrix elements are expecr:ed to dominate the response; 2) contributions from other

sources cannot be ruled out, even with the smaller field of view used for this flight.

Neither of these effects is likely to be important abOve 45 keY, and so we attribute the

detected flux above 45 keV to SN 1987A. Since the full detector response latrlx has not

yet been constructed, we have not performed detailed model fitting to the data.

Nevertheless, it can he seen from Figure 2 that the spectrua IS quite hard, with a power-

law spectral index = - I o3 above 45 keV. This spectrum le among the hardest yet observed

from any source in this energy range.

Figure 3 shows the spectrum after averaging the results from the two separate detectors.

For comparison we also show the corresponding data from our 1987 October fllght /11/. Even

without a full matrix epQctral deconvolutlon, it IS clear fees rlgure 3 that the total

source intensity has decreased between the two observations by approximately a factor of

two. On the other hand, without more detailed analysis there is no evidence for any

difference in spectral shape. Work on spectral deconvolutton is in progress and we wlil

present quant_Ltatlve results in a future publication.
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CON_LUS IONS

By thenmeives, cur measurements indicate • declena in the hard x-ray intensity of SN 1987&

by approx1_tely a factor of two between SN days 248 and 410 with no substantial change in

spectral shape. Mixed models /5-8/, _hith are _rrentiy favored on the basis of the early

appearance of x-ray continuum and gale-ray line emission /3,4/, generally predict very

little change in spectral shap e above 45 key in the J_tarval between our'uuurenents.

In nsaoestn_ the model predictions of the continuua light curves, It is important to place

our leleureuentB in context. Figure 4 _arizel the intensity in the 50-100 keV band ns

leisured by various instruments /3,11-14/. Such cuaperilone are /nev_bly difficult

because of systeaat,%c differences among the lnstruaents, or even between two _ltghta of the

Soil inetrulen.t (such as our own, in which the different colllmttor configurations result

In different atmospheric response corrections), l_rtherxore, the conversion of.ell the



data to the same energy bins involves

some assumptions about the true

spectrum. Nevertheless, the data

present a remarkably consistent

picture in which the hard x-ray

continuum intensity reached a peak

sometime near 0.8 years and is now in

the declining phase of its

radloac tive I y-powe red evolution.

Figure 4 includes for comparison a

theoretical light curve /6/ which

appears to reach its peak later than

the data would suggest. Further

observations of the SW 1987& x-ray

and gamma-ray continuum are obviously

warranted, not only to trace the

decline in the radioactivity but also

to search for a posslble remnant

pulsar, we are scheduled to fly the

same instrument again from Australia

in the fall of 1988. Since cur

instrumental sensltivlt_, limit is

approximately a factor of 5 below the

1988 April observations, we expect to

be able to provide further useful

constraints on models of SN 1987A.
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Fig, 4. The light curve of SN 1987& in the

50-100 key energy range. MIR/KVANT points

are adapted from /3/and /12/. CAL TECH

(GRIP) points are adapted from /13/. The

FrascatL points are adapted from /14/. The

solid _rve was calculated for a model in
which "-Co and other heavy elements are

mixed into the outer hydrogen-rich ejects /6/.
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Bulletin of the American Astronomical Society, p. 960:

Analysts of Hard X-Ra_ Observations of 5N lg87A

G.N.Pendleton, W.._.Pactesas (UAH), G.J.Ftshmen,
R.B.Wtlson, C.A.Meegan (NA.SJk/MSFC)

Continuum hard X-ray and gum-ray spectra from
SN lg87A in _e energy range from 25 key to 400 key
are presented. The anaIysls of data teken on 29-31
October 1987 and on 8-10 April 1988 with modified
balloon-borne BATS[ detectors is described. The
generation of the detector response matrix produced
ustng a combination of laboratory measurements and
EG5 Monte Carlo simulations ts discussed. A Monte
Carlo technlciue for transpo_t_ a gamin-ray flux
from the top of the atmosphers to balloon altitudes
ts prtsent_d.

Bulletin of the American Astronomical Society, p. 1069

...... _ X-Ray O_,s,ewa_ionsoi'SNI_A .....

" " ;,_. Fis_, m.s. w_Ism. C.A._ (_I_),
d.$. _.ts_. _._. Plmdleton (UAII)

m-llaon-_r,w oi_m"_l_m of $N1987_ )_ve deme
per_ot_ _ A14cm $_. A_'_ita tn _
_ncje 45-400 klV. quL _-tn_illettm detuc1_s,
1.27 _ _tc_ wi_ I t_s} am of 40S0 _
f_om _h ptsst_ shielding and co111me_o_. These
detectors were doetv_d _ tJ_se designed foe the
Durst and Transistor Sou,._ F._e_mt fro- the Gamin
Ray 0bs_rvatory. Two b111o4_ fltg_ts Mve
performed with U_se detec_s, on October 29-31,
1987, and April 9-10, 19N, (SN days 248 and 411).
The obser_ld spilclLl_n Is stadliir and quttdl hard
on bo_ dates, having e photon powoe-lw Sl_!
Index BOar -1.3. However. the intensity decreased
by nearly 50_ during this Interval. The spectral
shape and tim evolution e_ in good agrt_uu_t
wt_h _he models of SN1987A_t_ at_-_bu_
hard X-ray _sSton to highly C_U)tontzed radiation
from higher e_rgtes. Another Mlloon f_tght is
plaemed for 0c_JNov 1988.
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